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(57) Abstract 



, A method of reconstituting an 
I animal embryo involves transferring a 
diploid nucleus into an oocyte which is 
I arrested in the metaphase of the second 
meiotic division. The oocyte is not 
activated at the time of transfer, so that 
the donor nucleus is kept exposed to the 
recipient cytoplasm for a period of time. 
The diploid nucleus can be donated by 
a cell in either the GO or Gl phase of 
the cell cycle at the time of transfer. 
Subsequently, the reconstituted embryo 
is activated. Correct ploidy is maintained 
during activation, for example, by 0/ 
incubating the reconstituted embryo in 
the presence of a microtubule inhibitor 
such as nocodazole. The reconstituted 
embryo may then give rise to one or 
more live animal births. The invention 
is useful in the production of transgenic 
animals as well as non-transgenics of 
high genetic merit. 
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■ P0UYTK.S AS rvrnD LasT RRf tpi 
FOR NTTf-T.gftR TOANSFEg 

This invention relates to the generation of animals 
xnc udrng but not bein3 Ualtei ^ genet . c 

and/or edified animals, and to ceUs * ^ 

generation. cneir 

The reconstruction oi ^ embryos by ^ t 

LL n " UCUUS C ° M enucle " ed <~yt. or one ceil 
zygote aliows the production of genetically identical 

U.e as bl olog 1C al controls) and also in commercial 

:::: ons - u » u - u -«<«->t-S 



Embryo reconstruction by nuclear transfer was first 

210^211 u ( / Penara ' ^ DiC n ~"»— ' — Induction 
210-21! Hefner Publishing Co., Hew York , 193 e> > in order 

to a the nation of nuclear eguivalence or Z 

nuclei/ 96 dUrin9 de ' el °^ n "'- By transferring 

Zlei be 9neQ " detSrmine M " hich *** 

poten ial 1 in their developmental 

potentral. Due to Cechnical liBitll 

unfortunate death of Spemann these studies were not 
completed until 19 S2. when it. was demonstrated in the 
frog that certain nuclei couid direct developmenc J" 
sexually mature adult <Bri gg s and King. Pro C . teeJ . Acad 
Scr. USA 3, 455-461 (ma „. Their f ^ 
current concept that eguivalent totipotent nuclei from a 
single rndrvrdual .could. when transferred to an 
enucleated egg. gi ve rise to .genetically identical" 
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any chromosc™! rearrangements wouid have " ° 
demonstrated. be 

Since the demonstration of embryo cloninm i„ 
simiiar technics have JT 
species T hese technic 

2) trLat , " S Chrol " os °"' al »» removed and 

Lrrr r^-sr to a r msad °° e -» 

nad both pronuclei removed m 

choice as no development has been reported usina th. 
Utter other than_„hen pronuoiei are exchanged * 

Transfer of the donor nucleus ir,t- n +u 

is generaUy n chleved ^d^u ^ 

T n is indu - d * app llc , ti :: si :"- . s 

coupi rr a ° rOSS «~/«—' of the 

actios ~r^rzr~™ r on ai ~ 

developments! competence of the recipi n 'cyt ^ s 

Gener Wiln,Ut in Congress on 

Metres as A PP z isd to Llvescock 2 „ ^ « 

of ™ n pToid e ^ ^ ^ CtaC - 

reconvict, "try "sVl i ^ ^ «* * 

ryo is of ma 3 or importance {Campbell 



WO 97/07668 



PCT/GB96/02098 



3 



et al., Biol. Reprod. 49 933-942 (1993); Campbell et al 
Biol. Reprod. SO 1385-1393 (1994)). During a single cell 
cycle all genomic DNA must be replicated once and only 
once prior to mitosis, if any of the DNA either fails to 
replicate or is replicated more than once then the ploidy 
of that nucleus at the time of mitosis will be incorrect. 
The mechanisms by which replication is restricted to a 
single round during each cell cycle are unclear, however, 
several lines of evidence have implicated that 
maintenance of an intact nuclear membrane is crucial to 
this control. The morphological events which occur in 
the donor nucleus after transfer into an enucleated 
metaphase II oocyte have been studied in a number of 
species including mouse (Czolowiska et al., j. cell Sci 
SB 19-34 (1984)), rabbit (Collas and Robl, Biol . Reprod [ 
45 455-465 (1991,), p ig (Prather efc ^ ^ ^ ^ 
225 355-358 (1990)), cow (Kanka et al., Mol. Reprod. Dev 
29 110-116 (1991)). immediately upon fusion the donor 
nuclear envelope breaks down (NEED) , and the chromosomes 
prematurely condense (PCC) . These effects are catalysed 
by a cytoplasmic activity termed maturation/mitosis/ 
meiosis promoting factor (MPF) . This activity is found 
m all mitotic and meiotic cells reaching a maximal 
activity at metaphase. Matured mammalian oocytes are 
arrested at metaphase of the 2nd meiotic division 
(metaphase II) and have high Mpp activity ^ 

fertilisation or activation MPP activity declines, the 
second meiotic division is completed and the second polar 
body extruded, the chromatin then decondenses and 
pronuclear formation occurs, in nuclear transfer embryos 
reconstructed when MPF levels are high NEED and PCC 
occur; these events are followed, when MPF activity 
declines, by chromatin decondensation and nuclear 
reformation and subsequent DNA replication. m 
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reconstructed embryos correct ploidy can be maintained in 
one of two ways; f irstly by transferri nu= 
defineo ceil cycle stage. .... dipioid nuclei of ceils in 
01. into metaphase IX oocytes at the time of activation 
or secondly by activating the recipient oocyte and 

pTatr: r th : doaor nucieus a£ter che 

MPF activity, m sheep this latter approach has yielded 

blast ^ ° f to the 

blastocyst stage from m to 5S% of reconstructed embryos 
when using blastomeres from « oell embryos as ^ 
donors {Campbell et al n^7 d ^ nuclear 
(1994)). «eprod. 50 1385-1393 

These improvements in the frequency of development of 
reconstructed embryos have as yet not addressed the 

c~ ge ° n f T ear re —- ™ -vjpmen 
certain genes become "imprinted" i * ™ lfc 
that fh«v P M x * e - are altered such 

that they are no lender transcribed. studies on 
imprinting have shown that this "imprinting" is reive" 

z^rt^zr ci - ------- 

„™ . reprogramming is affected by 

rnr of . the ^ ora „ blc i 

h cells under3 ° in9 meiosls - «• »*~ 

question of how we may mimio this situation during the 
reconstruction of embryos by nuciear transfer in order to 
-program the developmental clock of the donor nucleus 

It ha 6 no „ ^ fomd that ^ 

oocyte arrested in metaphase II can give rise to a viabl" 

if the mb n0r " al Pl ° idy (i - e ' dl ™> 13 - ana 

if the embryo is not activated at the time of nuclear 

transfer. Th e delay in activation allows the LZ a t" 

remain exposed to the recipient cytoplasm. 
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F uaea a method of reconsM t-m--i„ 
embryo the. m «*-K ^ ^constituting an animal 

ryo, the method comprising transferrin* a dim >* 
nucleus into an oocyte which is arrested in the met H 
of the second meiotic diyision withlt 1 ^ 
activating the oocyte keeoina JL f concomitantly 
cytoplasm of the' ^TZTT^ " 

sufficient for- i-h- Period of time 

- «Z z? r? c u;r d b ::r — 

activating the reconstitute X ~ 

and fish species m • am Phibian species 

particularly placental ™ ™; hU ^ — - 
cc«ercially useful applicable is ***** 9rea " SC 

r::rr 

ca„els and pig S t ^ " ^"^ "**" bU " al °' 

useful both a. is likely to be rcost 

, '° eanS f ° r Cloni "9 aninuHs and as a 

rrjz rrr r~ r-- » — « 

applicable to othe^econ^aUy ^t ^ * * 
<;iioh a* * y ^portant animal species 

such as. for example, horses. lUmu or rodmat , P " 
rats or mice, or rabbits. rooents. e.g. 

The invention is equally applicable in the production of 
ST' H " "en- transgenic animals. ^ 

procedures for the production of 
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a) 



fewer recipients will be required; 



(2) multiple syng e„eic founders may be generated 
using clonal donor cells; 

C3) subtle genetic alteration by gen e targeting is 
permitted.- 3 3 13 

(4) 



permitted; 

all animals produced fro. embryos prepared by 
the invention should transmit the relevant 
9-tle modification throu g h the ge ra line as 
-ch animal ls derived fro,, a single nucleus; 
» contrast, production of transgenic animals 
by pronuclear injection or chimerism after 
-elusion of .edified stem ceil populations by 
blastocyst injection produces a proportion of 
"■osarc ^imals in which aU 

contain the edification and may not transmit 
the modification through the germ line,- and 

mil T SeUCCed f ° r ^ S " e ° £ 
edification (e.g. integration) prior to the 

generation of the whole animal. 
It should be noted that the 

term transgenic" in 
relation to animals, should not be tak.n , „ , ' 
referring taken to be limited to 

haT b r e t rs tr e ub roadly to anirai — 

» r^i* rsr. in r ention * 

dupUc 0 ated 9 Tct ine td n ^ 
uupxicated, activated or modified is a r „n„ 

for the purposes of thi* ■ transgenic animal 

rposes of this invention as much as an animal 
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to whose germ line an exogenous DNA sequence has been 
added . 

In embodiments of the invention in which the animal is 
transgenic, the donor nucleus is genetically modified. 
The donor nucleus may contain one or more transgenes and 
the genetic modification may take place prior to nuclear 
transfer and embryo reconstitution. Although micro- 
injection, analogous to injection into the male or female 
pronucleus of a zygote, may be used as a method of 
genetic modification, the invention is not limited to 
that methodology: mass transformation or transfection 
techniques can also be used e.g. electroporation, viral 
transfection or lipofection. 

In the method of the invention described above, a diploid 
nucleus is transferred from a donor into the enucleated 
recipient oocyte. Donors which are diploid at the time 
of transfer are necessary in order to maintain the 
correct ploidy of the reconstituted embryo; therefore 
donors may be either in the Gl phase or preferably, as is 
the subject of our co-pending PCT patent application No. 
PCT/GB96/02099 filed today (claiming priority from GB 
9517780.4), in the GO phase of the cell cycle. 

The mitotic cell cycle has four distinct phases, G, S, G2 
and M. The beginning event in the cell cycle, called 
start, takes place in the Gl phase and has a unique 
function. The decision or commitment to undergo another 
cell cycle is made at start. Once a cell has passed 
through start, it passes through the remainder of the Gl 
phase, which is the pre -DNA synthesis phase. The second 
stage, the S phase, is when DNA synthesis takes place. 
This is followed by the G2 phase, which is the period 
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between DNA synthesis and mitosis. Mitosis itse)f 

* the « Phase. Ouiescent ceUs i^Z Tl^Z 

ne cycle. The nuclei of quiescent GO cells i ike ,1 
nuclei of Gl ceils, have a diploid DNA content- £ h "f 
such diploid nuclei can he used in the present Lotion 

nuclea, donors, fully or PartiC^i^tus 
or undifferentiated cells can be used as can cells which 
are cultured in vitro or abstracted ex vivo The o nl t 
limitation is that ph. j nly 

cells ls disclosed in our co-pending PCT Datenf 
application No. PCT/GB95/02095 Duh1 ,- u , P 
» - -ieved that all luch^^ ^"Tof 

srsr-^rsr for the ~ «- - - 

. , Present invention allows this 

information to be provided to i-h. ^ , . 

altering >, • 8 developing embryo by 

altering chromatin structure such that 

-terial can re-direct development. 9 "" tXe 
Recipient cells U3e ful in the invention are enucleated 

rrr^raT^ ° f - ~ 

proceeds in vivo to this S^T,' ^T^Z 
maturation process and then arrests At Z i ! 99 
nested oocyte is released fro^™^. * 
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eo coll t °° CUrS ' the °° 0yte is -""""V stilted 
to complete meiosis) . m the practice of the invention 
oocytes can he nature* either in vitro or in vivo and are 
collected on appearance of the 1st polar hody or as soon 
as possible after ovulation, respectively. 

It is preferred that the recipient he enucleate. While 
« has been generally assumed that enucleation of 

essent^, There " 
,-„„<=• . published experimental 

described for ungulates involved splitting the cell into 

(Wllad „ ° £ " MCh Ukely t0 be — leated 

(WUladsen mature 320 ,„ 63 . 6S (1386)) . This procedure 

has the disadvantage that the other unknown half win 
still have the metaphase apparatus and that the reduction 
m volume of the cytoplasm is believed to accelerate the 
pattern of differentiation of the new embryo (Eviskov 
et ai.. Development 109 322-328 (1S90) ) . 

More recently, different procedures have been used in 
attempts to remove the chromosomes with a minimum of 
cytoplasm Aspiration of the first polar body and 
neighbouring cytoplasm was found to remove the metaphase 
II apparatus in 67, of 3heep oocytes ^ & 
Biol, Seprod. 40 X027-1035 ,1989, , . Only with the use of 

IZZHT " UOIOChW <*•*•« "342, was a method 
provided by „hi Ch enucleation would be guaranteed with 
the minimum reduction in cytoplasmic volume (Tsunoda 
ai., J. Seprod. FertiJ. 82 173 (1988)). m livestock 
species, this is probably the method of routine use at 

1990 westhusin et al., Biol. *eprod. , Su ppi., 42 l 76 
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Ipp" a =he? tr'Lcl^tior rePOr " ° f n ° n - inVaS ive 
xmnhiu- enucleation m mammals, wher Mc • 

amphibians, irradiation with ultraviolet Uaht 
a routine procedure (Gurdon a J m " USed 33 

311 (I960),. There are " iCr ° SC ' Soc ' 299- 

mere are no detailed reoorts of i-h- 
this approach in mammals, although durina th ! ° f 

fita2 " J - ftrttl. 82 173 (1988,,. 

As described abo ve enucleation 

Physically, by actual r eZll lf ll ^ 

or metaphase plate nucleus, pro-nuclei 

induce oocyte ~ ^ ™ e VT iti0nS " hiCh d ° 
activating conditions. £ ;^ to ln]e = ClOT — non- 
Ploidy of the reconstructed el™ k ^" COrreCt 
be diploid (i . in 12 ' ^° 6 d ° n0r nUcleus ~« 

t° be transferred to Z Utter M °' £ °™« 
-clear transfer is ef£ecCed conveniently, 
should not take place at the t J Nation 

Three established methods whioh h a v. h 

fusion are: been used to induce 
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(1) 
(2) 
(3) 



exposure of cells *-« * • 
„u. • , t0 fus ion-promoting 

chemicals, such as polyethylene glycol- 

the use of inactivated virus, such as Sendai 
virus; and 

the use of electrical stimulation. 

t?ilZ\° f CSllS t0 fUSi -P— ting chemicals such as 
polyethylene glycol or other glycols is . t 
Procedure for the fusion of somatic Lul, b ut t ZTZ 

^? s r e8 r;tr- 

period and thl „ ^ CellS f ° r a rain ™ 

LLklv'v " t0 ^ 3ble t0 ^ the chemical 
quxckly may necessxtate the removal of the zona pellucida 
(Kanka et al., Mol. Reprod . Dev . 29 110 . 116 
experiments with mouse embryos, inactivated Sendai virus 
Provides an efficient means for the fusion oTTusTol 

that a\ " 6 3dditional experimental advantage 

that actxvatxon is not induced, m ungulates f„ c - 

by the electric ~ - — 

is used to ln duce pathogenetic activation (willadsen 
Nature 3 2 0 ,„ 63 . 65 , ai 
B e P ro d 37 a S9 -e« (1MT)) . In these ^JZ'JZL 
varus induces fusion in a proportion of oases, but TZ 

srT.rsr,*r- ^ 

While cell-cell fusion is a preferred method of effecting 
nuclear transfer, it is not the only method thai 2 bl 

mtchie other d suitable techniques ***** cL; 

(Ritchie and Campbell, ^production and Fertility 

Abstract Series No. 15, p60 ) . ^rtility 
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in a preferred embodiment of the invention, fusion of the 
oocyte karyoplast couplet is accomplished in the absence 
of actuation by electropulsing in 0.3M mannitol solution 
or 0.27M sucrose solution; alternatively the nucleus may 
be introduced by injection in a calcium free medium. The 
age of the oocytes at the time of fusion/injection and 
the absence of calcium ions from the fusion/injection 
medium prevent. activation of the recipient oocyte. 

in practice, it is best to enucleate and conduct the 
transfer s soon as possible after the oocyte reaches 
metaphase II. The time that this will be post onset of 
maturation (in vitro) or hormone treatment (in vivo) will 
depend on the species. For cattle or sheep, nuclear 
transfer should preferably take place within 24 hours; 
for pigs, within 48 hours; mice, within 12 hours; and 
rabbits within 20-24 hours. although transfer can take 
place later, it becomes progressively more difficult to 
achieve as the oocyte ages. High MPF activity is 
desirable . 

Subsequently, the fused reconstructed embryo, which is 
generally returned to the maturation medium, is 
maintained without being activated so that the donor 
nucleus is exposed to the recipient cytoplasm for a 
period of time sufficient to allow the reconstructed 
embryo to become capable, eventually, of giving rise to 
a live birth (preferably of a fertile offspring) . 

The optimum period of time before activation varies from 
species to species and can readily be determined by 
experimentation. For cattle, a period of from 6 to 20 
hours is appropriate. The time period should probably 
not be less than that which will allow chromosome 
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formation, and it should not ^ SQ 



When u i= time tor activation, any conventional or other 
surtable activation protocol can be used. Rece « 

parthogenet.c activation are more complicated than hla 

all or-none phenomenon and that the large number of 
treatments able to induce Nation of a prLoCU 
ell causrng -activation.. However, exposure of raboH 

seU ^on°or Peated eIeCtriCal PUlSM ~— ««^y 
1 ; h C "; .° an Wropriate series of pulses and control 
of the Ca- was able to promote development of diploidi»d 

transit ^2^^ « *~ 

increases ln intracellular calcium 

(1585,) and electncal pulses are believed to cause 
analogous xncreases in calcium concentration. There U 
^ that «» °< calcium transients vlries 

^TJT r U ^ «« th. optimal 

manner Th " PUlSaS " U1 Vary in * — «« 

manner The an terval between pulses in the rabbit is 

Cobboid' T d ln m ° USe 10 C ° 20 minUtas rtbertson * 
Cobbold „ature 31 S 541-542 < 19 e5» . „ hile there 

prelrmrnary observations in the cow that the internal Is 

« Clonrng «amma Js by ^dear TranspJantation ^leidel 
ed.), Colorado state University. 24-27 <«„,, ' . 
Published experiments activation was in^c d witT 
s-gle electrical pulse, but new observations surest 
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that the proportion of reconstituted embryos that develop 
is increased by exposure to several pulses (Collas 4 Robl 
Biol, ^eprod. 43 877-884 <!,„». In any individual 

IZ' TT adjUSt " ,entS be — ^0 optimise the 

number of pulses, the field strength and duration of the 
pulses and the calcium concentration of the medium. 

in the practice of the invention, correct ploidy must be 
maintained during activation. It is desirable to inhibit 
or stabilise microtubule polymerisation in order to 
prevent the production of multiple pronuclei, thereby to 
maintain correct ploidy. This can be achieved by the 
application of a microtubule inhibitor such as nocodLle 
at an effective concentration (such as about 5„g/ml> 

Mte C rLT r C ° 1Cemid ^ ° ther inhibitors 
Alternatively, a microtubule stabiliser, such as. for 
example, taxol could be used. 

The molecular component of microtubules (tubulin) is in 
a state of dynamic equilibrium between the polymerised 
and non-polymerised states. Microtubule inhibitors such 
as nocodazole prevent the addition of tubulin molecules 
to microtubules, thereby disturbing the equilibrium and 
leading to microtubule depolymerisation a*( destruction 
of the spindle. It is pre£erred to a<Jd che mi 

cZTT a su£ficient ciae tefore activati ° n to —» 

complete, or almost complete, depolymerisation of the 

s™nt eS ' W C ° is " oe 

sufficient in most cases, a microtubule stabiliser such 

also Th T enCS breakdOWn ° f the - 
also therefore prevent the production of multiple 

pronuclei use of a microtubule stabiliser is preferably 

rs^T" c ° nditions c ° thMa - «- -~ 
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Tj:::t bitor or staMiiser — * 

■bLlfh Nation until pronuclei formation. It 

should be removed thereafter, and in any event before the 
first division takes place. 

in a preferred embodiment of the invention at 30-42 hours 
Post onset of saturation (bovine and ovine, i e s 16 
hours post nuclear transfer, the reconstructed oocyte" 
are placed into medium containing nocodazole (sj^d 
actuated using conventional protocols. mention 1 
nocodazole Ky be continued for 4-6 hours following t„e 
activatron stimulus .dependent upon species and oocyte 

According to a second aspect of the invention, there is 
provided a viable reconstituted animal embryo prepared £ 
a method as described previously. 

According to a third aspect of the invention, there is 
Ztslg^ " eth0d " - — • - ~ 

(al reconstituting an animal embryo as described 
above; and 

<*» causing an animal to develop to term from the 
embryo; and 

(O optionally, breeding from the animal so formed. 
Step (a) has been described in depth above. 

The second step, step ,b, in the method of this aspect of 

rom the 5 r " CaUSe ^ ^ C ° « «rm 

from the embryo. This may be done directly or indirectly 

in dl rect development, the reconstituted embryo from ep 
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(a) is slmp i y allowed to dev 

hit r n ir take pia ~- in £*^r 

purpose of improving yield. the 

.... ., s„4.."s:r» 1 1 

at the 35 « Sed as a n "=l=ar donor 

r« £ al --«— W cell »ass 

««i oe used at the blastocyst staoe tf i-u 
-bryos do indeed reflect those which teT^^Z 
gene expression and those nuclei are in repr ° grammed 
(as seems lik-»wi -u Ct re P ro Srrammed 

- eta. that at later developmental stages the e^nt of 

benef.c would depend on the efficiency of the D 

that stage. «ency of the process at 
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Aside from the issue of vipiri 4^ 

Experience suggests that embryos derived hv 
transfer are different ft™ , a «™ed by nuclear 

benefit f m . fereM £rOT normal «*ryos and sometimes 
Benefit from or even require culture conditio. ■ 
other than those in „ hich enbryos l™*"™ " 
(at least in vivo, . The reasoT or "hi 1 LT^ 
m routine multiplication of ^ ^T' 

cui cured m sheep oviducts for «; i-« ^ j , 

by wili 3 H Ca v, t 6 days {as described 

° y Wllla dse n> in Mammalian Egg Transfer t M 

»» CPC Press, Boca ^"^^ ^ 

~rm ::rs U :h s r^~r a in • 

dissected from the agar IttlTt ^ "* then 

recipient Th. 7 ! recovery from the temporary 

medi^t c j^tr i z protective asar - ^ 

rh- u m ' lt: acts as a structural aid for 

: : ondttrtfr" zona peu — - - 

y acts as barrier to cells r>F .-^ . . 
animal -s immune system aim, L ! recipient 
ne system. Although this approach increase. 

the dxsadvantage that a number of embryos Ly be W 

suittiUty'rUeT 8 ' enbly ° ^ bS S — d £ - 
"ill be done K t I " ^ ^ 

and selection tr s Z^^Tf "* ""'^ 
■ Qwa ^ ie integrants has been carried out- 

S=ree nl „g for non-transgenic genetic markers may ^ ^ 
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carried out ac this SCage 

of the invention allows for screening of donors at an 
earlier stage, that will 9enerally te preferred 

After screening, if screening has taken piece the 
blastocyst is aUowed ^ deveiop ^ P e the 

will generally be in vivo. I£ develops, up to 
blastocyst has taken place in vitro, then transfer into 
the final recipient animal takes place , t 
blastocyst development has taken place in vivo, although 
in ^principle the blastocyst can he allowed to develop to 
term in the pre -blastocyst host, in practice the 
blastocyst will usually be removed fro* the .temporal 
pre-blastocyst recipient and. after dissection from cne 
protective medium, will be^ransferred to the (permanent 
post-blastocyst recipient. 

in optional step ,c, of this aspect of the invention, 
annals * bred the animal p repared by che 

~ :? s d In this - ay ' ■ niMi ^ - 

establish a herd or flock nf ar^^i i_ 

aenetl . . fa IOCiC ° f anima ^ having the desired 

genetxc characteristic (s) . 

Animals produced by transfer of nuclei from a source of 
genetically Identical cells share the same nucleus. but 
are not strictly identical as. they are derived from 
different oocytes. The significance of this different 
origin is not clear, but may affect co^ercial tralta 
ecent analyses of the mitochondrial DNA of dairy cattle 
m the Iowa state Diversity Breeding Herd revealed 

-leer ^plantatT =T ^ TT^ 
Colorado state Cniversity. Colorado ,„„„'. " t remaLs 
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to be confirmed that similar effects are present 

t r r cattie popuiation and to ^ 

it is possxble or necessary in specific situations to 
consider the selection of oocytes, m the area of cattle 
breedxng the ability to produce large numbers of embryos 
from donors of high genetic merit may have considerate 
potential value in disseminating gene tic improvement 
through the national herd. The scale of applicatioHm 
depend upon the cost of each embryo and the proportion of 
transferred embryos able to develop to term. 

By way of illustration and summary, the following scheme 
sets out a typical process by which transgenic and non- 
transgenxc anxmals may be prepared. The process can be 
regarded as involving five steps: 

(1) isolation of diploid donor cells; 

(2) optionally, transgenesis, for example by 
transfection with suitable constructs, with or 
without selectable markers; 

(2a) optionally screen and select for stable 

integrants - skip for micro -injection; 
embryo reconstitution by nuclear transfer- 
culture, in vivo or in vitro, to blastocyst; 
(4a) optionally screen and select for stable 
integrants - omit if done at 2a - or other 
desired characteristics; 
transfer if necessary to final recipient. 

UlTT^ ^ 3 ° f advant *9es over previously 

publxshed methods of nuclear transfer: 

1) The chromatin of the donor nucleus can be exposed to 
the mexotic cytoplasm of the recipient oocyte in the 



(3) 
(4) 



(5) 
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IT" ^ . a " iVa "°" tor appropriate periods of ti«e 
Thrs m ay lncrease che . reprogramml "2 

nucleus by altering the chromatin structure! 

2) Correct ploidy of the reconstructed enbr™ • 
stained when 00/Gl nU c lei are transferred. 

3) Previous studies have shown that activation 
responsiveness of bovine/ovine oocytes increases wi^ 
■£ One problem which has previously been observed is 

" tic" s^dir^Td 000 " 68 dUPUCa "- 
spindles a'etse" . "tL^ - 

condensation ocTr ^L^TuZj^Tt 
prematurely condensed chromes regain inTtilht 
bunch, therefore we can take advantage of the 
process and increase the activation 9 

- is 

S^aToIr^ ° f ea ° h * are as 

tor each other aspect, .nutatia mutandis. 

The invention win now te described reference 
accompanying Examples which are provided f or 2 1 

of illustration and are not to be oolcled T"" 
H-iting on che preaent • =™» 

description, reference is made to th. £ ° Uowln 9 
drawing, in which: acc0 "Panying 
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FIGURE l shows the rate of maturation of bovine 
oocytes in vitro. 

Example 1 "MAGIC Pronely, using ggyj^ ^ >Tr _ 
Recipient oocytes the subject of this experimental 
procedure are designated MAGIC (Metaphase Arrested G1/G0 
Accepting Cytoplast) Recipients. 

The nuclear and cytoplasmic events during in vitro oocyte 
maturation were studied. In addition the roles of fusion 
and activation in embryos reconstructed at different ages 
were also investigated. The studies have shown that 
oocyte maturation is asynchronous; however, a population 
of matured oocytes can be morphologically selected at 18 
hours (Figure 1) . 

Morphological el ection nf oog ^ AB 

In Figure 1 ovaries were obtained from a local abattoir 
and maintained at 28-32'C during transport to the 
laboratory. Cumulus oocyte complexes (GOC's) were 
aspirated from follicles 3-lOmm in diameter using a 
hypodermic needle (1.2mm internal diameter) and placed 
into sterile plastic universal containers. The universal 
containers were placed into a warmed chamber <35«C) and 
the follicular material allowed to settle for 10-15 
minutes before pouring off three quarters of the 
supernatant. The remaining follicular material was 
diluted with an equal volume of dissection medium (TCM 
199 with Earles salts (Gibco) , 75.0 mg/1 kanamycin, 
30.0mM Hepes, p H 7.4, osmolarity 280 mOsmols/Kg H 2 0) 
supplemented with 10% bovine serum, transferred into an 
85mm petri dish and searched for COC's under a dissecting 
microscope . 
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Complexes with at least 2-3 compact layers of cumulus 
cells were selected washed three times in dissection 
medium and transferred into maturation medium (TC medium 
199 with Earles salts (Gibco) , 75mg/l kanamycin, 30.0mM 
Hepes, 7.69mM NaHC0 3 , pH 7.8, osmolarity 280 mOsmols/Kg 
H 2 0) supplemented with 10% bovine serum and ixlO 6 
granulosa cells/ml and cultured on a rocking table at 
39°C in an atmosphere of 5% C0 2 in air. Oocytes were 
removed from the maturation dish and wet mounted on 
ethanol cleaned glass slides under coverslips which were 
attached using a mixture of 5% petroleum jelly 95% wax. 
Mounted embryos were then fixed for 24 hours in freshly 
prepared methanol: glacial acetic acid (3:1), stained 
with 45% aceto-orcein (Sigma) and examined by phase 
contrast and DIG microscopy using a Nikon Microphot-SA, 
the graph in Figure 1 shows the percentage of oocytes at 
Mil and those with- a visible polar body. 

Activation of hrwHtm fen^n^ oocyte 
If maturation is then continued until 24 hours these 
oocytes activate at a very low rate (24%) in mannitol 
containing calcium (Table la). However, removal of 
calcium and magnesium from the electropulsing medium 
prevents any activation. 

Table la shows activation of bovine follicular oocytes 
matured in vitro for different periods. Oocytes were 
removed from the maturation medium, washed once in 
activation medium, placed into the activation chamber and 
given a single electrical pulse of 1.25kV/cm for BOfis. 
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Table la 



No. of oocytes 
(N) 



73 



99 



Hours post onset 
of maturation (horn) faoA .h~n 



24 



30 



45 



♦many 2 or more pronuclei 



Pronuclear formation 
_,<* activation) 



24. g 
84.8 



92.7* 



a ctivation rsaanas at m m snaslsata d bazins 

Table lb shows activation response of in vitro matured 

Ztizt: shan enucieatea " - 

Laetlv " f " atUrattm °*"> ' »«e treated 

exactly as for enucleation, a small volume of cytoplasm 
was separated not containing the metsphase plate lt ter 
manipulation the oocytes were „i„, / • , 
1 25 in//™ i ^ ere 9lven a Sln 9 le pulse of 
1.25 KV/cm and returned to the maturation medium, at 30 
hpm and 42 hpm groups of oocytes were mounted, fried and 
«.in.d with aceto-orcein. The results show the number 
of oocytes at each time point from five individual 

respect to the total number of cells. 
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Pronuciear formaM™ in ^Hp^^ 

Table 2 shows pronuclear formation in enucleated oocytes 
fused to primary bovine fibroblasts (24 hpm) and 
subsequently activated (42h P m) . The results represent 
five separate experiments. Oocytes were divided into two 
groups, group A were incubated in nocodazole for 1 hour 
prror to activation and for G hours following activation. 
Group B were not treated with nocodazole. Activated 
oocytes were fixed and stained with aceto-orcein 12 hours 
post activation. The number of pronuclei (PN, in each 
parthenote was then scored under phase contrast. The 
results are expressed as the percentage of activated 
oocytes containing 1 or more pronuclei. 



Table 2 





TOTAL 


_1 PN 


2 PN 


3 PN 


4 PN 


>4 Pn| 


GROUP A 


52 


100 


0 


0 


0 


0 J 


GROUP B 


33 


45.2 


25.8 


16.1 


3.2 


9.7 | 



The absence of an organised spindle and the absence of a 
polar body suggests that in order to maintain ploidy in 
the reconstructed embryo then only a diploid i.e. G0/G1 
nucleus should be transferred into this cytoplasmic 
situataon. Incubation of activated oocytes in the 
presence of the microtubule inhibitor nocodazole for 5 
hours 1 hour prior to and following the activation 
stxmulus prevents the formation of micronuclei (Table 2, 
and thus when the donor nucleus is in the G0/G1 phase of 
the cell cycle the correct ploidy of the reconstructed 
embryo is maintained. 



Results 

These results show that: 
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onset 'T °° CyteS °" " e enucle *"<> « 18 hours post 
onset of maturation (Figure 1); 

ill enucleated oocytes can be fused to donor 
blastomeres/cells in either 0.3H mannitol or TZ 
sucrose alternativeiy the donor the cells or nuclei IZ 
be looted in calcium free medium in the absence of any 
activation response; 

can'bTTT^ M * tYOS ° r enU = le "^ ^ised oocytes 
can be cultured in maturation medium and do not undergo 
spontaneous activation; 

lv) the transferred nucleus is seen to undergo nuclear 
envelope breakdown (SE B W and chromosome condensation. 
No orgamsed meiotic/mitotic spindle is observed 
regardless of the cell 

nucleus; ^ ° f Che '—to- 

ll /, UC h manlpUlated ^P 1 -" »»1 activate at 30 hours 

control 8 £reqUSnCy 69Ual C ° — nipulated 

control oocytes; 

vi) no polar body is observed following subsequent 
actuation, regardless of the cell cycle stage of the 
transferred nucleus; 

I^L UP ° n SUbSeqUent ac ^ation l-s micronuclei are 
formed per reconstructed zygote {Table 2) . 

Reconstruction of hovinp emhr , rQfi 

all P ^ liminary ex P eri ^- this technique has been 
applied to the reconstruction of bovine embryos using 
primary fibroblasts synchronised in the GO phlse of the 
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cell cycle by serum starvation for five davs th 
results are summarised in Table 3. * 

n^^T " bOVinS ^ —ted 

^ryos were « ^es. 

couplets activated at 42 h ^ the fUSed 

incubated in nocodazoie 1/^" • T* ^ 

Prior to activatior a ld s / raediUmf ° rlhOUr 

Couplets were activated with , 

KV/cm for 80,sec 9 ""^ ° C PUlse of ^ 



2§bie_3 



EXPERIMENT NUMBER 



NUMBER OP 
BLASTOCYSTS / 
TOTAL NUMBER OP FUSED 
COUPLETS 



* BLASTOCYSTS 




E xample 7, ■ MB QTr* g ^. rr ug . nfT Q 

Fresh* ovuiated ^M'T *T. »~ J » 

from the oviducts of T 'etrxeved by flushing 

*™^T::<;LT iat ^T 0 ?z 2t hours aft - 

free PBS/l 0% PCS ». T cal cium magnesium 

activation Ces 1 ^ J""" P ™ S 

and donor ^Z^ZT^^Z 

lUt^i .etc ~ d ^ 
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Results 

In preliminary experiments in sheep, a single pregnancy 
has resulted in the birth of a single live lamb. The 
results are summarised in Tables 4 and 5. 

Table 4 shows development of ovine embryos reconstructed 
by transfer of an embryo derived established cell line to 
unactivated enucleated in vivo matured ovine oocytes. 
Oocytes were obtained from superstimulated Scottish 
blackface ewes, the cell line was established from the 
embryonic disc of a day 9 embryo obtained from a Welsh 
mountain ewe. Reconstructed embryos were cultured in the 
ligated oviduct of a temporary recipient ewe for 6 days, 
recovered and assessed for development. 



Table 4 



j 

| DATE OF 
NUCLEAR 
TRANSFER 


PASSAGE 
NUMBER 


NUMBER OF 
MORULA, BLA 
STOCYSTS / 
TOTAL 
NUMBER 








1 17.1.95 


6 


4/28 


1 19.1.95 


7 


1/10 


31.1.95 


13 


0/2 


2.2.95 


13 


0/14 


7.2.95 


11 


1/9 


9.2.95 


11 


1/2 


14.2.95 


12 




16.2.95 


13 


3/13 








TOTAL 




10/78 (12.8%) 
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Table 5 shows induction of pregnancy following transfer 
of all morula/blastocyst stage reconstructed embryos to 
the uterine horn of synchronised final recipient 
blackface ewes. The table shows the total number of 
embryos from each group transferred the frequency of 
pregnancy in terms of ewes and embryos, in the majority 
of cases 2 embryos were transferred to each ewe a 
single twin pregnancy was established which resulted in 
the birth of a single live lamb. 



Table 5 



PASSAGE 
NUMBER 



"MAGIC" 



1 



1— P7 


t 
1 


PH 


2 


fi— P12 


L 0 


P13 


3 






TOTAL MOR/BL 


10 


1 TOTAL NUMBER EWES 


6 


1 PREGNANT EWES 

% 


1 (16.7) 



FOETUSES/ 
TOTAL 
TRANSFERRED 
(%) 



2/10 (20.0) 
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CLAIMS 

1. A method of reconstituting an animal embryo, the 
process comprising transferring a diploid nucleus into an 
oocyte which is arrested in the metaphase of the second 
meiotic division without concomitantly activating the 
oocyte, keeping the nucleus exposed to the cytoplasm of 
the recipient for a period of time sufficient for the 
embryo to become capable of giving rise to a live birth 
and subsequently activating the reconstituted embryo 
whale maintaining correct ploidy. 

2. A method as claimed in claim 1, in which the animal 
is an ungulate species. 

3. A method as claimed in claim 2, in which the animal 
is a cow or bull, pig , goat , sheep/ camel Qr 
buffalo. 

4. A method as claimed in any one of claims 1 to 3, in 
which the donor nucleus is genetically modified. 

5. A method as claimed in any one of claims 1 to 4 
wherein the diploid nucleus is donated by a quiescent 
cell. 



6. A method as claimed in any one of claims 1 to 5 
wherein the recipient oocyte is enucleate. 

7. A method as claimed in any one of claims 1 to 6, 
wherein nuclear transfer is achieved by cell fusion. 

8. A method as claimed in any one of claims 1 to 7 
wherein the animal is a cow or bull and wherein the donor 
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nucleus is kept exposed to the recipient cytoplasm for a 
period of from 6 to 20 hours prior to activation. 



9 



A method as claimed in any one of claims 1 to 8 
wherein correct ploidy is maintained during activation by 
microtubule inhibition. 



10. A method as claimed in claim 9, wherein microtubule 
inhibition is achieved by the application of nocodazole. 

11. A method as claimed in any one of claims 1 to 8 
wherein correct ploidy is maintained during activation by 
microtubule stabilisation. 

12. A method as claimed in claim 11, wherein microtubule 
stabilisation is achieved by the application of taxol. 

13. A method of preparing an animal, the method 
comprising : 

(a) reconstituting an animal embryo as claimed in 
any preceding claim; 

(b) causing an animal to develop to term from the 
embryo; and 

(O optionally, breeding from the animal so formed. 

14. A method as claimed in claim 13, wherein the animal 
embryo is further manipulated prior to full development 
of the embryo. 

15. A method as claimed in claim 14, wherein more than 
one animal is derived from the embryo. 
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IS. A reconstituted animal embryo which is capable of 
giving rise to a live birth and is prepared by a method 
as claimed in any one of claims 1 to 12. 

17. An animal prepared by a method as claimed in any one 
of claims 13 to 15. 

18. An animal developed from an embryo as claimed in 
claim 16. 
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